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,;9 Motivation

A Global warming A Paris U.S. Greenhouse Gas Emissions in 2015
Agreement, 2015 A Reduce
greenhouse gases Nitrous Oxide ___Fluorinated
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I Electric vehicles

i Solar + wind energy and
electrochemical energy storage

Dioxide
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A Lithium-ion battery (LIB) most
promising Greenhouse Gos Emissons and ks 19902015
I Safety of LIBs is a major issue
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Thermal

Samsung Galaxy Note 7

ANALYSIS WORKSHOP

http://www.techionix.com/articles/ http://ww.ntsb.gov/investigations/2013/boeing_787/
why-aresamsunggjalaxynote 7-phonesexploding/ photos/17-12_JAL787_APU_Battery_s.jpg

Tesla Model S

https://greentransportation.info/
ewv-ownership/safer/
teslamodets-2013.html
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Materials

Separator

M. PURDUE

5 d

A Thermocouples can short the
electrodes and disturb the
battery operation

A IR imaging is a surface
measurement and there can be
large gradients within the cells

A Electrolyte can degrade in air
and cause toxic fumes

Currently, we are working on methods to
Improve our thermal imaging capabilities
to overcome these challenges in two
types of experiments:

1) Thermal Property characterization
2) In Situ Thermal Measurements
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Prior thermal property measurements g

Cell geometry Cell specific heat capacity L]
LFP LCO LMO NMC - .
A Cell-level specific heat capacity
measurements exist for a few electrou

Cylindrical 1700 [3] 1300 [4] 837.4 [8] material combinations

Prismatic 850 [7] 1000 [7]
A At the electrode level, more

Pouch 1400 [5] 1090 [7] experiments need to be done for a

better estimate of electrode specific

Electrolyte

Material specific heat capacity £i 'H € ] heat capacity

content A . .
LEP LCO LMO NMC | Graphite Electrolyte increases specific heat
capacity as the electrolyte fills in void:

Dry 700 [9] 601[4] | 830[10] | 775[6,7] | 632[1,11]

Wet 1260* [2] | 1269 [10] | 1321* [12] 1437 [4]
[ 1] R. Spotnitz and J. -goweanitkidmi o,n ftADUsSe Obe®H0.i drl 39 f 20i0BhH pp. 81
[2] 3Y. Lai, S. Du, L. Ai, L. Ai, and Y. Cheng, fémeat lyhrt madlintmo helatatgemieghtdioncmdr da thatwens,i ® nl rbta@lR04% B0 O A/g/dena2015.871070@ f

3 K. Shah, V. Vi shwakar ma, and A. Jain, i M a B U € e mk 8 tJourAal dR Bactioehensical &eryy Cbriversiomant! Staragkals, 2Q16, p. 03080h, POI:a0nié 15/4.4084413.L i

[4] S.J. Drake, D.AWetz, J.K.Ostanek S.P. Miller, J.MHeinze| and A. Jain, AMeasurement of anisioemo@ell & ,héer nophiy25R 204, ppPRe@De BOI:FM1@LS/Lipp¥spuc3PD3ILhIDT. i c a | Li
[5] H. Maleki, S. Al Hallaj, J. R. Sel man, R. B. Dinwiddie, dmct H.atWeemrrgy, amTdh eCromeplo nRemigbBonidtyi el si4601fa9b) pi @4h Dhh®. 11EWV1€18917040 ¢ h
[6] F. Richter, SKjelstrup, P.J.S. Vie, and O.8urheim fiTher mal conductivity a#rdni rsteecromallartye rbpae rtaetru rees , por afgpl 66RE00,dDM:10.1616/MpewsouS201r.0x<0ds , vol . 359, 20

[7]\J. Nanda, S.K. Martha, W.D. Porter, H. Wang, ®Jdney M.D. Radin

and D.J. Siegel, AThermophysical properties of Li FeasPaOdffrsipat hoidelse svi mbdehirbond zédupnakt

2014, pp. 813, DOI:10.1016/j.jpowsour.2013.11.022.

[8]P.Gotcuand H. J.

G.
C.

[9]
[10]

Guo,

[11]B. Koo, P.Goli, A. V. Sumant P.C. Dos Santos Claro, Rajh C.S. Johnson, A.ABalandin

Lin,

Seifert,
B. Long, B.
K. Chen, F.

A TiBaOrR dVp B @ 4 blended elegirode maeridsifoeld nofbat t eri es, 0 Phys. Ch e m.i10562eD®1:10. OBYEEP00887A.0 | . 18, 2016, pp. 10550
C h e ndignensidhal thétrhabfinite eldPnent Hodeling af fitlionBbat eCrayo ,i nfi Tthhreerema | abuse application, 0 Ji2398 DQ@:L0.1616/.jpevesoue20099®0ur ces, VO
Sun, -physicalpropegties idenifidatiod and thérmabanalgdifVd.is eoanr chhatarertyhedor dac h | EEE Vehicl e Power 41648 DOh1®.p109/\PPL20096WB53f er e n c
and E. V. Shevchenko, AToward lithium ion batt er i €207 BOLLOM02¢/NBEOR212bed t her mal C C
AThe st -obmtteoy graphite dodidrekedirayte dhiemlgpse ¢ SEl )tardkisard i ohs bimp t o for mati on cy d76jD0yl0.10164.cadenr2@l6.¢4.,008v o
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Cell geometry | Crossplane thermal conductivity [ T € ]
LFP LCO NMC
Cylindrical 0.15 [14] 3.4 [15] A Prior cell-level the_rmal conductivity
measurements exist only for a few
Prismatic 1.4 [13] cathode materials and graphite anode
Pouch 0.4 [16] 0.6 [18] combinations
Cell geometry In-plane thermal conductivity [r] i € ] A More measurements are needed to
accurately quantify the cross-plane
LFP LCO conductivity that can be used as inputs
- for thermal modeling of the battery
Cylindrical 30 [14] 20 [15]
systems
Prismatic 24 [13]
Pouch 35[19]
[13] D. Werner, A. Loges, D.J. B e cidn datteriesamd dheirTelectrdtie ¢ofiguhasip A ioVeh ecombinatibn otrrmaelling and éxperimegtal o f L i
approach, o Journal of PoWw3MDOIS@1016.jpossour.206471.07.108.6 4, 2017, pp. 72
[14] K. Shah, V. Vishwakarma, and A. Jai n, fAMeas uCred mesnlourhal iR EktréehamisatEadrgy Conversionraredl Tr an s p «
Storagevol. 13, 2016, p. 030801, DOI:10.1115/1.4034413.
[15] S.J. Drake, D.AWetz J.K.OstanekS.P. Miller, J.MHeinze| A. Jain, iMeasurement of ani siodamo@elcl ¢t hermophiyal caf

vol. 252, 2014, pp. 29804, DOI:10.1016/j.jpowsour.2013.11.107.
[16] H. Maleki, S. AlHallaj, J . R.

1999, p. 947, DOI:10.1149/1.1391704.

[18] J. Cho, M.DLosegq H.G. Zhang, H. Kim, Zuo,

Sel man,

I . Petrov,

R. B.

D. G.

Di nwi ddi e,

dmod H.atWeemrgy,

Cahill,

and P. V. Braun,

afmTdh eCromeplo nRemagb®ooddtyi valsidénfa | L iotf h iTih

AEl ectrochemically

l\o/2]

Communications, vol. 5, Jun. 2014, pp61DO0OI:10.1038/ncomms5035.
[19] AJ.Stershi¢ S.Simunovic and J. Nanda, fAModeiloinngpatrhtei celveo | cuotnitoanc to fd ilsittrhiibuunt fiP@versSouucsesjval.@297a205,a br i ¢ t

pp. 540 550, DOI:10.1016/j.jpowsour.2015.07.088.
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Interface Resistances
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Mean Thermal Conductance: 670 W/(mK)
Standard Deviation: 275 W/(n?K)

Gaitonde, Ni mmagadda, Marconnet: A Me
Conductance inLvi o n B a tJoumal of Paver Gourcef2017).
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& Conventional Thermal Characterization NFS
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A Experiment
temperature range:
40~703

A Six varying heat flux
for each sample.
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Component K(W/mK)

Cu Folil double
side coated by 0.16 £ 0.06 0.45 £ 0.09
LiMn,O,

Cathode
(~15 layers)

Separator Ceramic Coated
(~34 layers) 0.10 £ 0.01 0.11 £0.01
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Mimic electrolyte: 1:1 volumetric ratio of
ethylene carbonate (EC), propylene carbonate(PC)
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Thermal Transport during Charging

Anode
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